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ABSTRACT 

This  report  reviews  metallurgical  data  and  oharao- 
teriatica  pertinent  to  the  development  of  the  Mk  19  Mod  0 
(EX  29  Mod  3)  warhead  for  use  in  the  ASM-N-7a  BULLPUP 
guided  misaile.  Warhead  bodies  of  AISI  standard  basic 

electric  furnace  steel  with  proper  heat  treatment  were 
found  to  be  of  suitable  metallurgical  quality^  In  com¬ 
parison  with  AISI  4340  warhead  bodies  the  AISI  4140  bodies 
were  inferior  metallurgically ,  The  mechanical  property 
specifications  established  during  the  development  of  the 
EX  29  warhead  wore  substantiated  and  deemed  suitable  for 
use  in  quantity  production  of  Mk  19  type  warheads. 
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FOREWORD 


This  report  issued  by  the  Naval  Weapons  Laboratory, 
Dahlgren,  covers  the  metallurgical  studies  conducted  during 
development  of  the  Warhead,  Mk  19  Mod  0  (EX  29  Mod  3)» 

The  work  on  the  project  reported  herein  was  conducted 
during  the  period  of  December  1958  to  February  I960  and 
relates  to  references  (a),  (b)  and  (c). 

This  report  has  been  reviewed  by  the  following  members 
of  the  Warhead  and  Terminal  Ballistics  Laboratory: 

H.  E.  ROMINE,  Head  of  Materials  Branch 
J.  J.  GLANCY,  Deputy  Head  of  Development  Division 
V/.  W,  MEYERS,  Head  of  Development  Division 
W,  E.  McKenzie,  Associate  Director 

Warhead  and  Terminal  Ballistics  Laboratory 
C.  B.  GREEN,  Director 

Warhead  and  Terminal  Ballistics  Laboratory 


APPROVED  FOR  RELEASE: 


/s/  R.  H.  LYDDANE 

Technical  Director 
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INTRODUCTION 


This  report  presents  metallurgical  data  and  summarizes 
metallurgical  characteristics  deemed  pertinent  to  the 
design  and  development  of  the  Mk  19  Mod  0  (EX  29)  warhead. 
The  final  prototype  Warhead  (EX  29  Mod  3)  described  herein 
is  essentially  the  same  design  as  the  production  quality 
warhead  designated  the  Mk  19  Mod  0,  and  was  used  for  final 
evaluation  of  the  warhead  design.  The  final  evaluation 
tests  demonstrated  that  the  v/arhead,  when  explosive  loaded 
and  mounted  in  the  BULLPUP  guided  missile  as  shown  in 
Figure  1,  is  rugged  enough  to  withstand  impact  on  and  pene¬ 
tration  of  light  steel  and  reinforced  concrete  targets  at 
striking  velocities  up  to  1800  ft/sec  and  to  remain  in  an 
effective  bursting  condition.  The  metallurgical  charac¬ 
teristics  of  the  EX  29  Mod  3  warhead  are  an  integral  part 
of  the  warhead  design  and  considered  to  have  contributed 
materially  to  the  satisfactory  penetration  performance 
exhibited  by  this  warhead  in  its  final  evaluation  impact 
teats  conducted  in  actual  BULLPUP  missiles  (from  a  track) 
at  NOTS,  China  Lake,  California. 


DESCRIPTION  OF  MATERIAL 


The  EX  29  warhead  (empty)  is  a  three  component 
assembly,  shown  in  Figure  2,  consisting  of  a  body  of  one 
piece  forged  construction,  a  base  plug,  and  a  fuze  cavity 
liner.  The  preliminary  prototype  warheads  EX  29  Mods  0 
and  1  and  the  final  prototype  EX  29  Mod  3  warhead,  treated 
in  this  report,  were  nearly  identical  in  configuration  and 
differed  only  in  the  steel  composition  used  in  the  body  and 
base  plug  components,  AISI  4340  steel  was  used  for  the 
body  and  base  plug  on  the  EX  29  Mods  0  and  3  warheads  and 
has  been  specified  for  the  corresponding  components  of  the 
Mk  19  Mod  0  warhead.  AISI  4140  steel  was  used  for  the 
body  and  base  plug  on  the  EX  29  Mod  1  warhead  for  the  pur¬ 
pose  of  determining  the  effect  of  a  lower  alloy  content 
than  AISI  4340  on  warhead  performance  and  problems  asso¬ 
ciated  with  procurement,  fabrication  and  inspection  inso¬ 
far  as  practicable  consistent  with  performance  requirements. 
The  steel  used  for  the  fuze  cavity  liner  on  all  warheads 
was  AISI  4I3O.  In  general,  standard  basic  electric  furnace 
quality  steel  was  used  for  the  body  component.  The  design 
of  the  body  component  of  the  EX  29  2-Iod  3  warhead  is  shown 
in  Figure  3»  The  results  of  experimental  work  with 
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3,2  inch  reduced  scale  model  warheads  were  used  to  estab¬ 
lish  the  metallurgical  characteristics  and  design  of  the 
EX  29  warhead.  In  this  earlier  warhead  development  work 
the  mechanical  properties  listed  in  Table  1(A)  were  evolved, 
utilized,  and  found  to  be  suitable  for  use  in  a  penetrating 
type  of  warhead.  Such  mechanical  properties  assured  a  good 
combination  of  strength,  toughness  and  ductility,  permitted 
machining,  and  were  capable  of  use  in  a  specification  for 
production  warheads.  As  a  result,  the  heat  treatment  of 
EX  29  warheads  given  in  Table  2  was  aimed  to  provide  mechan¬ 
ical  properties  shown  in  Table  1(A), 


PROCEDURE 


A  metallu  rgi  cal  evaluation  was  conducted  of  repre¬ 
sentative  EX  29  warheads  as  received  from  the  contractor  in 
the  final  heat  treated  condition.  The  warhead  body  com¬ 
ponent  was  tested  as  follows; 

a,  A  check  chemical  analysis  was  made  on  a  sample 
from  the  body  wall, 

b,  Rockwell  C  hardness  tests  were  taken  on  a  longi¬ 
tudinal  cross  section.  Tests  included  at  least  14  Rock¬ 
well  C  hardness  determinations  in  the  heavy  ogive  section, 

c,  A  macroscopic  examination  or  macro-etch  test  was 
made  of  a  longitudinal  cross  section, 

d,  Tensile  tests  were  conducted  on  two  specimens 
taken  from  the  ogive  section  in  a  near  longitudinal 
direction  as  shown  in  Figure  4# 

e,  Charpy  impact  tests  were  made  on  V-notch  speci¬ 
mens  taken  from  the  ogive  section  in  a  near  longitudinal 
direction  as  shown  in  Figure  4.  The  notch  of  the  specimen 
was  approximately  perpendicular  to  the  outside  surface  of 
the  body.  At  least  two  specimens  were  tested  at  0°C  and 
in  some  cases  specimens  were  tested  at  various  other 
temperatures  to  determine  the  transition  temperature  from 
ductile  to  brittle  failure.  Here  the  percent  of  granular 
fracture  was  determined  from  the  fracture  appearance  of  the 
impact  specimen  and  plotted  vs  testing  temperature.  A 
curve  v/as  drawn  and  the  temperature  for  a  point  on  the 
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curve  at  which  fracture  was  fifty  percent  granular  and 
fifty  percent  fibrous  was  determined.  This  temperature  was 
considered  to  be  the  transition  temperature.  On  some  war¬ 
head  bodies  Charpy  V-notch  specimens  vfere  taken  also  from 
the  heavy  nose  section  transverse  to  the  longitudinal  axis 
of  the  body  and  tested  at  0®C, 

f.  The  depth  of  decarburization  on  the  outside  and 
cavity  surfaces  was  determined  from  microscopic  examination 
of  metallographic  specimens  taken  in  the  longitudinal 
direction, 

g.  Grain  size  measurements  v/ere  made  by  microscopic 
examination  of  specimens  taken  in  a  transverse  direction, 

h«  A  metallographic  examination  was  made  of  the 
entire  central  longitudinal  section  for  microst ructuro , 
banding,  and  inclusions.  Photomicrographs  '.-.'ere  taken  at 
locations  shown  in  Figure  5  to  show  the  microstructure, 
inclusions,  and  banding. 

The  base  plug  and  cavity  liner  components  were  tested 
only  for  Rockwell  C  hardness  and  chemical  composition. 


RESULTS  AND  DISCUSSION 

Chock  chemical  analyses  and  Rockwell  C  hardness  tests 
showed  representative  base  plugs  and  cavity  liners  of  EX  29 
warheads  to  be  within  the  check  analysis  limits  for  the 
particular  AISI  steel  and  the  hardness  limits  given  in 
Table  1(A).  The  results  of  metallurgical  tests  on  the 
EX  29  warhead  bodies  illustrated  in  Figures  6  through  40 
and  Tables  1(B)  and  1(C)  are  discussed  in  the  following 
paragraphs . 

a.  Chemical  Composition  -  The  chemical  compositions 
of  the  EX  29  warhead  bodies  given  in  Table  1(D)  are  within 
the  check  analysis  tolerances  for  either  AISI  4140  or 
AISI  4340  steel, 

b.  Tensile  Properties  -  The  tensile  tost  results  in 
Table  1(C^  Thowthat  all  warhead  bodies,  v;ith  the  exception 
of  No.  3)  exceed  the  yield  strength  and  reduction  of  area 
minimums  given  in  Table  1(A).  The  yie].d  strength  of  v/arhead 
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body  No.  3  was  only  700  psi  under  the  minimum  requirement. 
Elongation  and  reduction  of  area  were  slightly  higher  for 
the  AISI  A340  bodies  than  for  the  AISI  4140  bodies, 

c,  Charpv  Impact  Properties  ~  The  Charpy  impact  test 
results  in  Table  1(c)  made  at  0°C  on  specimens  from  the 
location  shown  in  Figure  4  sho^v  that  all  warhead  bodies 
with  the  exception  of  AISI  4140  warhead  body  No.  la  exceed 
the  Impact  strength  minimum  of  40  ft-lbs  specified  in 
Table  i(A).  The  AISI  4140  warhead  body  No,  la  with  the 
lowest  impact  strength  had  the  highest  yield  and  tensile 
strength  and  AISI  4340  warhead  body  No,  3  with  the  highest 
impact  strength  had  the  lowest  yield  and  tensile  strength. 
Table  1(C)  shows  the  AISI  4340  bodies  to  be  superior  to 
the  AISI  4140  bodies  in  impact  strength  determined  with 
specimens  taken  either  in  the  near  longitudinal  direction 
as  shown  in  Figure  4  or  in  a  transverse  direction  from  the 
heavy  ogive  section.  This  superiority  is  more  pronounced 
on  comparing  the  transition  temperatures  in  Table  1(C), 

Hare  the  AISI  4340  bodies  gave  much  lower  transition 
temperatures  than  the  AISI  4I4O  bodies.  These  results 
demonstrate  that  the  AISI  4340  bodies  aro  somewhat  tougher 
than  AISI  4140  bodies, 

d.  Grain  Size  -  The  grain  sizes  of  the  warhoad  bodies 
are  tabulated  in  Table  1(C),  In  general,  the  warhead 
bodies  have  a  slightly  finer  grain  size  than  the  ASTM  7  to  8 
range  expected  in  conunercial  grades  of  AISI  4140  and  4340 
steels.  The  wide  grain  size  range  (6-9)  in  body  No.  3  did 
not  affect  quality  adversely  as  illustrated  by  high  impact 
strength  and  low  transition  temperature, 

e,  De carburization  -  The  depths  of  decarburization 
on  the  outside  and  cavity  surfaces  of  the  warhead  bodies 
aro  given  in  Table  1(C),  On  all  bodies  decarburi zation  is 
greater  on  the  cavity  surface  than  on  the  outside  surface. 
Warhead  body  No.  la  shows  the  most  decarburization,  prob¬ 
ably  as  a  result  of  reheat  treatment. 

f.  Hardness  -  The  results  of  Rockwell  C  hardness 
tests  of  warhead  bodies  are  given  in  the  hardness  distri¬ 
butions  in  Figures  6  through  12,  ft  grouping  of  hardness 
values  according  to  warhead  number,  nose  section,  and  wall 
section  is  tabulated  as  follows: 
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Rockwell  C  Hardness  Readings 

Hardness  Range  Total  Within 


Figure 

Warhead 

AISI 

Compo- 

Heavy 

Nose 

Wdll 

No.  of 
Hardness 

Specification 
ln_J_able  1(A) 

Mumbai: 

Number 

sition 

Sac.tion 

gacbiflii 

Readings 

Number 

6 

1 

4U0 

27-35 

30-52 

101 

15 

15 

7 

2 

4340 

35.5-37 

35.5-38 

92 

92 

100 

8 

la 

4140 

33-40 

38,5-41 

132 

107 

81 

9 

3 

4340 

33-35 

34-36 

77 

40 

52 

10 

4 

4140 

31-36 

35-39 

76 

67 

88 

11 

5 

4340 

34-36 

35-37 

76 

75 

99 

12 

6 

4340 

35-36 

35-36 

76 

76 

100 

Warhead  body  No.  1  represents  the  first  lot  of  warheads 
received  at  a  time  when  the  contractor’s  heat  treating 
practice  was  under  development.  The  wide  variation  in 
hardness  of  body  No.  1,  shown  above  and  in  Figure  6,  indi¬ 
cated  that  heat  treatment  was  not  optimum  and  necessi¬ 
tated  reheat  treatment  of  this  lot  of  EX  29  Hod  1  bodies. 
For  this  reason  the  hardness  test  results  of  body  No.  1 
are  not  used  in  any  subsequent  hardness  comparisons.  War¬ 
head  body  No.  la  represents  the  roheat  treated  warheads. 

In  general  the  hardness  of  the  warhead  bodies  is  higher  in 
the  wall  section  than  in  the  nose  section  as  expected  from 
the  shape  of  the  body.  The  overall  hardness  of  the 
AISI  U3U0  bodies  No,  2,  5  and  6  is  within  the  aim  35  to  40 
Rockwell  C  range  listed  in  Table  1(a)  with  the  exception  of 
one  value  of  34  in  the  nose  section  of  body  No,  5,  The 
AISI  4140  bodies  No.  la  and  4  show  a  wider  variation  in 
hardness  than  the  AISI  4340  bodies  No.  2,  3,  5  and  6, 
particularly  in  the  heavy  nose  section, 

g.  Macro-etch  Test  -  Figures  I3  through  19  shov;  a 
large  view  of  the  ogive  sections  of  the  warhead  bodies 
after  macro -etching .  The  flow  lines  in  the  AISI  4140 
bodies  (Figures  13,15  and  1?)  are  more  prominent  than  in 
the  AISI  4340  bodies  (Figures  14,  16,  18  and  19).  Warhead 
body  No.  2  as  shown  in  Figure  I4  represents  the  first  lot 
of  AISI  4340  warhead  bodies  to  be  received.  The  pitted 
condition  in  the  heavy  nose  section  just  forward  of  the 
cavity  is  evidence  of  faulty  forging  practice,  A  study 
indicated  that  too  rapid  extrusion  of  the  material  at  the 
forward  end  of  the  coining  punch  caused  the  material  to 
leave  the  punch  and  resulted  in  the  voided  condition. 
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Slight  changes  to  forging  tools  and  rearrangement  of  forg¬ 
ing  passes  successfully  eliminated  this  pitted  condition  in 
later  bodies  No.  3,  5  and  6  shown  in  Figures  16,  18  and  19. 
Except  for  the  pitted  condition  in  body  No.  2,  Figure  14, 
the  results  of  macro-etcb  test  (Figures  13  through  19)  show 
all  warhead  bodies  to  be  of  satisfactory  quality, 

h,  Microst ructure  -  The  microstructures  of  the  vfarhead 
bodies  at  locations  A,  B,  C  and  D  of  Figure  5  are  shown  in 
Figures  20  through  26,  The  reheat  treatment  of  AISI  4140 
warheads  represented  by  body  No.  1  is  substantiated  by  the 
microstruotures  shown  in  Figure  20.  The  excessive  free 
ferrite  at  locations  A,  B  and  C  and  the  marked  decomposition 
of  martensite  at  locations  A  and  3  resulted  from  nonuniforra- 
ity  of  heat  treatment.  In  heavy  nose  section  locations  A 
and  B  the  representative  AISI  4140  warheads  show  free  ferrite 
in  bodies  No,  la  and  4  (Figures  22  and  24)  whereas  the 

AISI  4340  warheads  show  no  free  ferrite  in  bodies  No.  2 
and  6  (Figures  21  and  26)  and  very  little  free  ferrite  in 
bodies  No,  3  5  (Figures  23  and  25). 

i.  Inclusions  -  The  inclusions  in  the  warhead  bodies 
at  locations  A  and  D  of  Figure  5  are  shown  in  Figures  27 
through  33*  The  drawn  out  nature  of  the  inclusions  at 
location  D  gives  an  indication  of  the  degree  and  direction 
of  the  forging  and  drawing  of  the  steel  at  this  location. 

The  ASTM  standard  rating  of  the  inclusions  in  the  warhead 
bodies  (Figures  27  through  33)  Is  less  than  three  and  indi¬ 
cates  satisfactory  material, 

J,  Banding  -  Typical  examples  of  the  banding  present 
in  the  warhead  bodies  are  given  in  Figures  34  through  40, 
Banding  was  not  excessive  in  any  of  the  warhead  bodies. 

AISI  4140  body  No,  la  (Figure  36)  shows  the  least  banding 
and  AISI  4340  bodies  No.  3  (Figure  37)  and  No.  5  (Figure  39) 
show  the  most  banding.  A  comparison  of  Figure  34  and 
Figure  36  indicates  the  reduction  in  banding  obtained  by 
reheat  treatment. 

Metallurgical  Defects  in  Production  Quality  EX  29 
Hod  3  Warheads 


As  the  only  practical  means  of  meeting  an  early 
requirement  for  warheads  for  fleet  use,  a  limited  quantity 
of  final  prototype  EX  29  Mod  3  warheads  v^as  produced  using 
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controls,  inspection  and  acceptance  procedures  normally 
involved  in  procurement  and  acceptance  of  production  items. 

A  large  number  of  EX  29  Mod  3  warheads  met  the  prescribed 
requirements  but  a  few  warheads  failed  the  acceptance  tests. 
Some  metallurgical  data  and  defects  observed  in  the  failed 
warheads  are  reviewed  here. 

The  results  of  a  metallographi c  examination  of  inclu¬ 
sions  in  two  warhead  bodies  representing  different  pro¬ 
duction  lots  of  SX  29  Mod  3  warheads  are  illustrated  in 
Figure  Al*  Both  warhead  bodies  were  processed  from  the 
same  heat  of  steel  and  had  chemical  compositions  within  the 
range  shown  in  Table  1(B)  for  the  AISI  4340  warhead  bodies. 
The  manufacturer  reported  the  mechanical  properties  of  both 
bodies  to  be  in  accordance  with  the  requirements  of 
Table  1(A).  The  warhead  body  with  inclusions  as  shown  in 
Figure  41(A)  passed  the  required  ballistic  penetration  test 
while  the  warhead  body  with  inclusions  as  shown  in 
Figure  41(B)  failed  the  ballistic  penetration  test  by  cir¬ 
cumferential  rupture  near  the  base  end  of  the  cylindrical 
section.  In  comparison  with  the  inclusions  in  development 
quality  bodies  in  Figures  27  through  33  the  inclusions  in 
the  body  which  passed  ballistic  test  (Figure  41(A))  are 
somewhat  heavier,  whereas  the  inclusions  in  the  body  which 
failed  the  ballistic  test  Figure  41(B)  are  considerably 
heavier. 

Figures  42  and  43  show  an  EX  29  Mod  3  pilot  lot  war¬ 
head  body  after  failure  in  the  ballistic  penetration  test. 
The  chemical  composition  of  the  steel  used  in  this  warhead 
body  was  as  follows; 

C  Mn  _P _  _S _  Ni  Cr  Mo  Cu 

.38  .75  .024  .031  .29  1.76  .77  .24  .12 

Although  the  chemical  composition  is  within  the  limits 
specified  for  AISI  4340  steel  of  the  open  hearth  grade  the 
phosphorus  and  sulfur  contents  are  more  than  double  those 
shown  in  Table  1(B)  and  are  much  higher  amounts  than  nor¬ 
mally  obtained  with  standard  basic  electric  furnace  prac¬ 
tice,  The  manufacturer  reported  that  the  steel  was  made  in 
an  electric  furnace  using  a  single  slag  practice  and  condi¬ 
tions  similar  to  open  hearth  practice.  Such  practice  could 
account  for  the  high  phosphorus  and  sulfur  content.  Tests 
conducted  on  a  sample  warhead  body  representative  of  the 
failed  pilot  lot  v/arhead  body  included:  Rockwell  C  hardness, 
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tensile,  Charpy  V-notch  impact,  macroscopic  examination, 
and  microscopic  examination  for  structure,  inclusions, 
banding  and  grain  size.  The  hardness  distribution  repre¬ 
sentative  of  this  pilot  lot  ^^ra^head  body  shown  in  Figure  44 
ranges  from  32  to  36  Rockwell  C  with  the  low  hardnesses 
obtained  mainly  in  the  ogive  section.  The  tensile  proper¬ 
ties  met  the  requirements  of  Table  1(A).  The  Charpy 
V-notch  impact  strength  was  34.5  to  38» 5  ft-lbs  at  0°C  and 
the  transition  temperature  was  -40“C.  Such  impact  proper¬ 
ties  are  lower  than  the  40  ft-lb  minimum  strength  specified 
in  Table  1(a)  and  significantly  inferior  compared  with  the 
impact  propertieis  listed  in  Table  1(C)  for  AISI  4340 
deyelopment  quality  warhead  bodies.  The  macrootch  section 
in  Figure  45  shows  heavier  flow  lines  than  any  of  the  test 
sections  from  development  quality  v/arhead  bodies  shown  in 
Figures  13  through  19»  The  microstructure  in  Figure  46  is 
as  uniform  as  the  microstructure  of  the  bettor  AISI  4340 
warhead  bodies  No,  2  and  6  (Figures  21  and  26)  indicating 
satisfactory  heat  treating  practice.  The  inclusions  in 
Figure  47  are  mainly  sulfides  and  are  more  abundant  than 
the  inclusions  in  development  quality  bodies  in  Figures  2? 
through  33*  The  banding  in  Figure  48  is  considered  normal. 
The  grain  size  was  8-9  (ASTH  No,), 


CONCLUSIONS 


Based  on  the  results  of  metallurgical  tests  conducted 
during  development  of  the  Mk  19  Mod  0  (EX  29)  warhead  and 
covered  herein,  it  was  concluded  that: 

a.  The  warhead  bodies  of  AISI  4340  standard  basic 
electric  furnace  steel  with  proper  heat  treatment  were  of 
suitable  metallurgical  quality. 

b.  In  comparison  with  AISI  4340  warhead  bodies  the 
AISI  4140  warhead  bodies  were  inferior  metallurgi cally  as 
revealed  by  lower  impact  strength,  higher  transition 
temperature,  and  wider  variation  in  hardness  and  micro- 
structure. 


c.  The  mechanical  property  specifications  given  in 
Table  1(A)  were  acceptable  for  use  in  design  of  the  Warhead 
Mk  19  Mod  0. 
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TABLS  X 

DATA  qj  PIKrrOTYPK  V.AJIKFADS.  EX  29  riQDS  O.  1  AffD  3 
(A)  Hdchanlc^  Property  SpeciTlcatlona 


Cberpy  V-notch 


Warhead 

Comoonent 

Yield  Strength 
0,2i  Offset 

Min. 

(paii 

Reduction 
of  Area 
Kin. 

(*) 

Hardness  Lijnita 

RocKvoll  e _ 

Min.  HM. 

Impact  Strength 
at  o*c 

Kin. 

(ft.  -  lbs.) 

Body 

145,000 

45 

35 

40 

40 

Basa  plug 

35 

40 

PUaa  Cavity 

25 

30 

Liner 


(n)  Identirication  and  Ch«nical  Composition  of  Prototype  Warhead  Pody  Samplen 


Sample 

'./arhead 

Ho.  of 
i/arheada 
in  Lot 
nooresonted 

Date 

Roeoived 

AISI 

Comooaition 

JL_ 

chonlcl 

_E_  JX- 

31  N1  _ 

Cr 

|te 

Ca_ 

1 

10 

12-B-58 

1 

4140 

.40 

.«9 

.003 

.011 

.1)9 

.94 

.04 

2 

10 

12-24-58 

0 

4340 

.41 

.76 

,010 

.015 

.29 

1.71) 

.fl3 

.25 

.07 

U  0 

10 

1-20-59 

1 

4140 

.36 

.80 

.CX)9 

.011 

.25 

.10 

.94 

.20 

,04 

3 

12 

2-13-59 

0 

4340 

.38 

.75 

.on 

.013 

.25 

1.65 

,fA 

.24 

,o4 

u 

11 

3-8-59 

1 

4140 

.36 

.95 

.011 

.011 

.23 

.07 

.P9 

.14 

.04 

5 

45 

5-1-59 

3 

4340 

.37 

.74 

.013 

,2H 

1.85 

.'^2 

.27 

.07 

6 

35 

5-20-59 

3 

4340 

.37 

.7B 

•ar? 

.013 

.33 

1.74 

.«4 

.2rt 

,0M 

(C)  Tensile  and  Impact  I’roportiea,  Crain  :;izo  and  Decarburizalion  of  J’rototype  v/arhead  Hody  'amploe 


Chappy  V-notch 
Impact  Stroncth 

field  Uoduc-  at  9*C  Transi- 


Sample 

•/at^ead 

^Aimber 

<  O  -H, 

inii/r»ate 
Tensile 
Strength 
_  Lpsi) 

itrongth 

0,2^ 

Offset 

Cp.t) 

5^onga- 

tion 

(') 

tlcn 

of 

Area 

AlT^ 

Crain 

."•ize 

«o. 

(ft.  -  11.3.) 
Location  Heavy 

in  iloee 

Firuro  4  Section 

tlon 
Tempo  r- 

ature 

o‘c 

Perth  of  Doc»ri.irlaatlon  (Lieh03) 
Cavity  Oitsido 

ftin.  Max.  lUn.  Max. 

1 

4140 

.017 

.038 

.■r)5 

.'*)7 

2 

4340 

14-7 

000 

157,05-'' 

l4.B 

V>.1 

H-9 

49.^J-5-.5 

29.5 

-90 

.  i 

.135 

.  “4 

la 

4140 

CO 

550 

P3,2-x> 

13.4 

49.'" 

9-1-: 

3'',^'-37.5 

21.5 

-30 

.  ‘44 

.'*)L 

.  -15 

3 

4340 

15'" 

ftj-J 

l4/.,3» 

15.5 

52.0 

54. *>-54.0 

-I'X) 

,iy^? 

.'ll} 

.'V)! 

.  *  v. 

- 

4140 

16"^ 

950 

154, 4-^ 

12.9 

50.5 

•'-9 

42.'>-44.5 

-30 

.O'l 

.02  ‘ 

.  /-I 

•  '04 

5 

434-'^ 

143 

5  V'' 

152, 9o<-' 

14." 

53.1 

9-9 

4'7.'W«9.0 

3®,'> 

-or 

(VM) 

.  ■;2 

A 

i.34~ 

lAP 

>  >'• 

154,15  > 

15.4 

53.4 

4®.  0-4  5 

.  ■*'7' 

.22 

•  First  Lot  (Sample  arnead  '.'unber  1;  ichcat  Treated 
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TABLE  2 

MANDFACTURHl'S  HEAT  TREATMENT  OF  WARHEAD  BODIES 


Sample 

Heat  Treatment 

1 

Anneal t 

Preheat  t 
High  heatt 

Quench i 

Drawt 

1525®F  3  houra,  gas  fired  furnace,  furnace 
cool  for  14  hours 

1250®F  50  reins.,  salt  bath 

1525®f  50  reins,,  salt  bath,  30  secs,  transfer 
tine  to  quench 

600^  15  mins.,  salt  bath,  air  cool  to  less 
than  200°F,  wash  out  salt  by  Imnerslon  In 
hot  water 

600®F  3  hours,  gas  fired  furnace,  air  oool  to 
room  temperature 

la  and  4 

Preheat! 
High  heat! 
Quench! 
Dravs 

1250®F  50  mins.,  salt  bath 

1575®P  50  mins.,  salt  bath 

200®F  circulated  oil 

1050^  3  hours,  gas  fired  furnace,  air  cool  to 
room  temperature 

2  and  3 

Preheat! 
High  heat! 
Quench! 
Drav! 

1250®F  50  mins.,  salt  bath 

1525®F  50  mins.,  salt  bath 

200^  circulated  oil 

1050^  3  hours,  gas  fired  furnace,  air  cool  to 
room  temperature 

5  and  6 

Heat! 

Quench! 

Draw! 

1525®!'’  2  hours,  gas  fired  Itirnace 

llO^F  8  mins,  circulated  oil  on  inside  and 

outside  surface,  warhead  nose  up 

1025®F  3  hours,  gas  fired  furnace,  warheads 
rolled  through  furnace,  air  cool  to  room 
temperature 
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TENSILE  AND  CHAPPY  IMPACT  SPECIMENS 


PHD  55555 


FIGURE  4 
CONFIDENTIAL 


4  Inches 
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PHD-55239  FIGURE  7 

SAI'iPLE  iVARHEAl'  HOt  2 

HARDiJESS  DISTRIBUriOiJ  AHD  PJACROSECTIOH  OF  BULLPUP 
EX  29  MOD  0  A 13 I  43A0 

Hardness  Values;  Rockwell  C  Scale 
Etch;  50;j  Hydrochloric  Acid 


I 


January  1959 
VJARftEAD 

confide;/!  lAL 


OIW  Uk* 


PHD-55298  FIGURE  8  Febinjar’y  1959 

SAI'IPLE  V/ARHEAD  NO.  la 

HARDilESS  DISTRIBIEION  AliD  ilACROSECTia'  OF  BULLP'JP  './ARHEAD 
EX  29  I®D  1  AISI  UAO  REHEAT-TREATED 
ilardness  Values:  Rockwell  C  Scale 
Etch:  50^  Hydrochloric  Acid 
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PHD-55557  FIGURE  9  March  1959 

SA14PLE  WARHEAD  HO,  3 

HARDInIESS  DISTRIBUTIOM  AiO  ilACROSECTIOH  OF  BULLPUP  WARHEAD 
E:v  29  MOD  0  AISI  43AO 
Hardness  Values:  Rockvrell  C  Scale 
Etch:  50^  Hydrochloric  Acid 
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PHD-55556 


FIGURE  10 


April  1959 


SAIIPLE  WARHEAD  NO.  k 

HARD1\IESS  DICTRIBUTION  AND  l-ACROSECTION  OF  BULLPUP  WARHEAD 
EX  29  MOD  1  A IS I  4140 
Hardness  Values:  Rockwell  C  Scale 
Etch;  50^  Hydrochloric  Acid 
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PHD-55560  figure  12  June  1959 

SAMPLE  WARHEAD  HO.  6 

HARDNESS  DISTRIBUTION  AND  ilACROBECTION  OF  BULLPUP  WARHEAD 
EX  29  !  W  3  A  IS  I  43  AO 
Hardness  Values;  Rockwell  C  Scale 
Etch:  50^  Hydrochloric  Acid 
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PHD-55561 


FIGURE  13 


December  1958 


SAMPLE  WARHEAD  NO.  1 

IJiCROSECTIOH  OF  OGIVE  FROL  UULLP'JP  V/ARHEAD  EX  29  ;DD  1  AI5I  4140 
Etch:  50^  Hydrochloric  Acid 
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PHD-55562 


FIGURE  lU 


January  1959 


SAiiPLE  WARHEAD  HO,  2 

.lACiJOSECTIO.I  OF  OGIVE  FROM  DULLPUP  V/APHEAD  EX  29  ilOD  0  AISI  4340 
Etch:  50/j  Hydrochloric  Acid 
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PHD-55563 


FIGURE  15 


February  1959 


SAiiPLE  WARHEAD  fJO.  la 
I'ACROSECTION  OF  OGIVE  FRai  BULLPUP  WARHEAD 
EX  29  i-50D  1  AISI  4110  lEHEAT-TREATED 
Etch:  505o  Hydrochloric  Acid 
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PHD-55564 


FIGURE  16 


March  1959 


SAMPLE  WARHEAD  NO.  3 

MACROSECTION  OF  OGIVE  FROM  BULLPUP  'WARHEAD  EX  29  HOD  0  AISI  /+340 
Etch:  50^  Hydrochloric  Acid 
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FIGURE  17 


April  1959 


SAMPLE  V/ARHSAD  NO.  4 

MACROSECTIOiJ  OF  OGIVE  FROM  3ULLPUP  V/ARHEAD  EX  29  iDD  1  AISI  4140 
Etch:  50%  Hydrochloric  Acid 
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PHD-5 5566 


FIGURE  18 


June  1959 


SAPiPLE  WARHEAD  MO.  5 

;iACROSECTION  OF  OGIVE  FROM  3ULLPUP  WARHEAD  EX  29  iDD  3  AISI  A340 
Etch:  50,"j  Hydrochloric  Acid 
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FIGURE  19 


June  1959 


SAMPLE  WARHEAD  NO.  6 

IIACROSECTIO?^  OF  OGIVE  FROll  BULLPUP  V/ARHEAD  EX  29  >iOD  3  AISI  A3AO 
Etch:  505S  Hydrochloric  Acid 

Ca^FIDEilTIAL 


r':iD-55570  FIGIP7^  22 

Sample  V.'arhead  No.  la 

rr!0T0.;iCRa:-ru^P;!3  of  p'JLLPiJ?  /ARHEAD  EX  29  ilOD  1  AI3I  U40  REHEAT- 
TSuOATED 

Locations  A,  S,  C  and  D  in  Figure  5 

Etch,  .lital  i-.agnification :  lOOOX 
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rHD-55571  FIGURE  23 

SAJ^F.LE  './ARHEAD  NO.  3 

PHOTOiaCiROGRAPHS  OF  BULLPUP  V/ARHEAD  EX  29  ’©D  0  AISI  43A.O 
LOCATIOiJS  A,  3,  C  AND  D  ©f  FIGURE  5 
Etch:  iJital  Jiagnification:  lOOOX 
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FIOUK^  25 

JA-iPLii  '//APuliiAi/  ;J0«  5 

IG;lCX:;yiPiiS  OF  OULLPUP  V.'ARJ-IDAD  SX  29  :OD  3  AISI  4340 
LOCaTIC.'S  A,  3,  C  kiJD  D  Ij  FIGU-L:  5 
..'itai  ];a,f-nification;  lOOOX 

COi'FIDS.'TIAL 


.v'l 


i  Ti^‘ :'  Zy>-  \  :  y  ’  ■  J  i  -  • 

'  ■  If.  '\ 


PHD-55575 


FIGURE  27 

Sample  Warhead  No.  1 
PHOTOMICROGRAPHS  CF  BULLPUP  WARHEAD  EX  29  l'K)D  1  AISI  040 
Location  A  and  D  in  Figure  5 

As  Polished  liagnif icaticm ;  lOOX 
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PHD-55577  FIGURE  29 

Sample  Warhead  IIo.  la 

PHOTOMCRCXJRAPHS  CF  BULLPUP  WARHEAD  EX  29  MOD  1  AISI  4^40  REHEAT  TREATED 

Locations  A  and  D  in  Figure  5 

As  Polished  Magnification:  lOQX 

(X?HPTaEMTlAL 


I 


D 

PHD-55578  figure  30 

Sample  Warhead  No.  3 

PHOTOmCROGRAPHS  OF  BULLPUP  WARHEAD  EX  29  MOD  0  AISI  4340 
Location  A  and  D  in  Figure  5 

As  Polished  Magnification:  lOOX 
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PHD-55579  figure  31 

Sample  V/arhead  No.  A 

PHOTOMICROGRAPHS  OF  3ULLPUP  VJArhEAD  EX  29  MOD  1  AISI  AIaO 
Location  A  and  D  in  Figure  5 

As  Polished  I'Agnification:  lOOX 
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D 

figure  32 

Sample  y/arhead  IIo.  5 

PHOTC  ICIOGRAPHS  CF  RULLP'JP  E'ARHEAD  S::  29  :  :CD  3  AISI  4340 
Location  A  and  D  in  Figure  3 

i'iagnification:  lOOX 


A.s  Polished 


D 

PHD-55501  FIGURE  33 

Sample  \Jarhead  Ho.  6 

photo;  OiCHOGRAPHS  CF  3ULLPUP  i/ARHEAD  EX  29  IDD  3  AISI  4340 
Location  A  and  D  in  Figure  5 

As  Polished  Magnification:  lOOX 
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PHD-55592  FIGUms  34 

sample  VJarhead  Mo.  1 

PHaro:HCRC!GRAPH  OF  BULLPUP  V/ARHEAD  EX  29  I!DD  1  AISI  4140 

Location  C  in  Figure  5 

Etch:  Zephiran  Chloride  I'^gnification ;  lOOX 
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PHD-55593  FIGURE  35 

Sample  Warhead  No.  2 

PHOTOiaCROGRAPH  OF  3ULLPUP  WARHEAD  EX  29  iOD  0  AISI  4340 
Location  C  in  Figure  5 

Etch:  Zephiran  Chloride  Magnification: 


lOOX 
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.a  ,’le  '.arhead  io,  la 

3HCi0..j;o,-:Gc:^pi:  Of  oulloup  \iAj«iPAd  r;-:  29  pcd  i  ai3I  ai^o  oGL.y.T-'fioAi'^p 

locatio.-i  3  in  fipure  5 

Ze/hiran  Clilorida  .a^nil'ica vior. ;  100.'. 


COnPIDZ  n  lAI, 


P!;D->55V5  ri' !;l:  j;7 

.jample  'iarhead  llo,  3 

PHOTO  JGRCCimr  ll  OF  BULLP'JP  ./A.-iHOAD  OX  29  POD 
Lccat.io''i  C  in  Figure  5 


0  A IS I  4340 


..tch:  Zephiran  Chloride 


i  iagnii'ioacion  r  lO 


COiTITESTI 
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Sample  ..'arliead  o.  L 

PHCTOSlCXGiViPM  a-’  jULLFUP  ;A1H2AD  FX  29  .CX  1  AI^I  UAO 
Location  C  in  Figure  o 

-JLci'. '  Xephiran  Chloride  i  agnification; 


-'.'CV 


irIDX: 


Ul 


Cephiran  Chloride 


PHD-55597  FIG'JRS  39 

Sample  warhead  Ho.  5 

PHOTOMICRCGRAPH  OF  BULLPUP  EX  29  M)D  3  AISI  4340  i 

i 

} 

Location  C  in  Figure  5  j 

Etch;  Zephiran  Chloride  Magnification:  lOOX  i 

1 


,4 
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(iv)  Jarhead  Serial  iJo.  139A  From  Lot  103 
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(S)  'ariioad  jerial  l.'o.  103A  Froin  Lot  102 
PKI)-55617  figure  41 

P;!0TG;  JCRCGiUPHS  TAlCilJ  OF  BULLPUP  '.-'ARHEADS  EX  29  ilOD  3  FROii  PRODUCTION  LOTS 

Location  D  in  Figure  5 

As  Polished  AISI  4340  STE-'L  Magnification;  lOOX 
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PHD-55610  figure  44  January  I960 

PILOT  LOT,  SAMPI£  WARHEAD,  SERIAL  NO.  4 
HARDNESS  DISTRIBUTION  AND  MACROSECTION  OF  BULLPUP  WARHEAD 
EX  29  MOD  3  AIS I  4340 

Hardness  Values:  Rockwell  C  Scale 
Etch:  50^  Hydrochloric  Acid 
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FIGURE  45 


PILOT  LOT  SAMPLS  WARHEAD,  SERIAL  NO.  4  MA.CROSECTION  CF  OGIVE 
FROM  BULLPUP  WARHEAD  EX  29  NDD  3'AIGI  4340 

Etch:  50^  Hydrochloric  Acid 
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PHD-55613  FIGUPE  47 

PILOT  LOT  SA.  JL:.  ’./APICAD,  SERIAL  ;!0.  4  PHOTOiaCROGRAPHS 
OF  BULLPUP  './ARHEAD  EX  29  EDD  3  AI3I  4340 

Location  A  and  D  in  Figure  i> 

As  Polished  i-iagnif ication :  lOOX 
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PHD-55614  FIGURE  48 


PHOT  LOT  SAil’LE  V/ARHEAD,  S3RIAL  MO.  4  PHOTO;  riCROGRAPHS 
OF  OULLPUP  WARHEAD  IlC  29  MOD  3  Alai  4340 

Location  A  and  D  in  Figure  5 

Etch:  Zephii'an  Chloride  i-2ignification;  1007. 
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